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I ,  Introdiiction 

a,  The  national  Bureau  of  Standards  was  requested  by  letter  of  19 
January  I9U5  (Serial  C~935-117Sa)  from  the  Bureau  of  Ships,  U.S,  Navy 
Department,  to  study  certain  transmitter  and  receiver  problems  directly 
applicable  to  the  design  of  Lor an  equipment.  This  report  covers  the  re¬ 
sults  of  the  work  done  on  this  pro.isct,  as  of  the  date  of  this  report* 

The  problems  specifically  outlined  in  the  Bureau  of  Ships'  letter 
of  19  January  (paragraph  3)  are  as  follows? 

"  (a)  Using  as  a  standard,  the  pulse  pattern  as  observed 

with  present  equipment,  determine  the  extent  to  which 
the  emitted  frequency  band  may  be  restricted  without 
appreciably  affecting  the  leading  edge  of  the  pulse, 

"(b)  With  the  same  pulse  pattern  as  a  standard,  determine 
the  extent  to  which  the  receiver  band  width  may  be 
restricted  without  appreciably  affecting  the  precision 
of  measurement o 

"(c)  As  a  more  general  problem,  determine  the  optimum  pulse 
pattern  (particularly  the  leading  edge)  for  maximum 
accuracy  commensurate  with  minimum  interference  and 
maximum  signal  to  noise  ratio, 

"(d)  Improvement  of  the  emission  characteristic  of  trans¬ 
mitters  now  in  service,  (it  is  hoped  that  sufficient 
circuit  design  information  might  result  from  this  work 
to  enable  the  problem  of  equipment  modification  design 
to  be  turned  over  to  a  commercial  firm)," 

b.  A  more  detailed  discussion  of  factors  involved  in  these  problems 
is  contained  in  the  Bureau  of  Ships  memorandum  of  l6  November  19^4 
(Serial  M~935”9^7a) 0  "Uotec  of  General  Problem  of  Optimum  Emitted  Loran 
Pulse  Shape  and  Receiver  Band  Width,"  The  practical  application,  to  the 
Loran  system,  of  the  information  desired  from  this  investigation  is  sum¬ 
marized  under  the  section  entitled  "Trace  Stability"  of  the  above  memo¬ 
randum,  and  is  herewith  quoted, 

"The  principal  transmission  factors  which  result  in  instability 
of  the  Loran  traces  are  radio  noise  and  interference.  Usually 
the  duration  of  such  interfering  noise  and  signals  is  long, 
or  at  least  comparable  with  the  duration  of  the  Loran  pulse 
signals  so  that  the  result  is  an  upward  displacement  of  the 
pulse.  If,  now,  the  leading  edge  of  the  pulse  were  vertical, 
there  would  not  be  any  horizontal  translation  of  the  trace. 

At  angles  other  than  vertical,  there  will  however  be  a 
translation  proportional  to  the  cosine  of  the  angle, 

"In  general,  it  is  desired  to  obtain  as  steep  a  slope  as  pos¬ 
sible  of  the  leading  edge  of  the  pulse  and  at  the  same  time 
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reduce  the  effect  of  noise  and  interference.  Unfortunately 
these  two  cannot  "be  obtained  entirely  independent  of  each 
other.  The  steepness  of  the  slope  of  the  leading  edge  of 
the  pulse  trace  is  in  part  due  to  the  shape  of  the  emitted 
pulse  and  in  part  due  to  the  shaping  "by  the  receiver-indicator. 
However;,  with  a  given  emitted  pulse,  narrowing  the  receiver 
hand  to  reduce  noise  will  tend  to  widen  out  the  pulse  shape 
and  reduce  the  steepness  of  the  pulse® 

"Linked  with  the  steepness  of  the  emitted  pulse  is  the  im¬ 
portant  consideration  of  the  amplitude -frequency  distribu¬ 
tion  of  the  radio  frequency  components  which  contribute  to  the 
shape  of  the  pulse,  viz,  the  steeper  the  pulse,  the  greater 
the  space  occupied  in  the  frequency  spectrum.  • 

"The  overall  problem  involves  therefore  both  the  receiver  and 
the  transmitter  characteristics.  From  the  receiver  standpoint 
it  is  desired  to  restrict  the  band  so  as  to  keep  noise  and 
interference  to  a  minimum  and  yet  keep  the  band  sufficiently 
wide  so  as  not  to  reduce  the  pulse  slope  and  impair  the  mea¬ 
surement  accuracy.  From  the  standpoint  of  the  transmitter, 
it  is  desired  to  restrict  the  frequency  band  of  the  radiated 
components  so  as  to  avoid  interference  with  other  Loran  chan¬ 
nels  and  other  services  and  yet  wide  enough  to  provide  a 
satisfactory  pulse  shape  and  also  not  to  complicate  the 
transmitter  equipment  unduly." 

II.  Description  of  Special  Equipment. 

a.  Radio-frequency  pulse  generator. 

In  order  to  proceed  with  the  investigation  of  the  Bureau  of  Ships 
problem  it  was  deemed  necessary  to  design  and  construct  a  pulse  generator, 
capable  of  producing  radi ©“frequency  pulses  of  various  lengths  and  shapes, 
and  a  radio-frequency  receiver  from  which  various  radio-frequency  band 
widths  could  be  obtained. 

The  radio-frequency  pulse  generator  was  modeled  after  the  regular 
Loran  transmitters.  It  consisted  of  an  exciter,  a  modulator,  and  a 
self-excited  oscillator.  Photographs  of  this  equipment  are  show,  in 
Figs.  1  and  2. 

The  exciter  produced  a  d-c  pulse,  of  approximately  450  volts  ampli¬ 
tude.  The  pulse  length  could  be  controlled  over  a  range  of  from  20  to 
100  micro seconds.  The  recurrence  of  the  exciter  pulse  was  precisely 
maintained  by  means  of  a  Model  B~1  Loran.  timer.  A  circuit  diagram  of 
the  exciter  unit  is  shown  in  Fig.  3#  Circuit  constants  and  operating 
voltages  are  shown  in  Tables  I  and  II. 

Radio-frequency  pulses  were  produced  by  a  tuned-grid  tuned-plate 
oscillator,  keyed  in  the  cathode  circuit  by  means  of  a  modulator  tube, 
which  in  turn  was  controlled  by  the  exciter  output.  The  circuit  diagram 
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of  the  modulator  and  oscillator  is  shoVn  in  Fig.  40  Circuit  constants  and 
operating  voltages  are  given  in  Tables  HI  and  IVD 

The  equipment  was  made  adjustable  to  a  variety  of  pulse  shapes  by  em¬ 
ploying  variable  controls  and  adding  additional  circuit  components 0  Ad¬ 
justable  controls,  most  of  which  wore  of  the  screwdriver  type 0  are  shown  in 
Fig„  1,  and  may  be  located  on  the  schematic  diagrams  in  Figs.  3  and  4  by 
referring  to  Table  5.  Control  "A1'  was  provided  to  adjust  the  output  ampli¬ 
tude  of  the  d-c  pulses  from  the  exciter  unite  The  control  grid-bias  volt¬ 
age  on  the  oscillator  tubes  was  varied  by  adjusting  control  “DH  Adjust¬ 
ment  "EM  was  provided  for  changing  the  oscillator  feedback  voltage 0  The 
loading  on  the  oscillator  could  be  changed  by  adjusting  control  MFW® 

The  length  of  the  pulse  could  be  adjusted  in  steps  by  changing  the 
position  of  the  taps  on  inductance  in  Fig.  3°  As  more  inductance 

was  added  the  pulse  length  became  greater.  Vernier  adjustment  of  the 
pulse  length  could  be  obtained  by  varying  control  !,A{t0 

The  top  and  bottom  of  rectangular  pulses  could  be  made  almost 
parallel  with  the  base  line  or  slanted  by  changing  the  value  of  storage 
capacitor  "Cg1*  in  Fig.  4.  The  lower  the  capacitance  used  at  this  point, 
the  greater  was  the  slant  of  the  top  and  bottom  of  the  radio-frequency 
pulse.  A  capacitance  of  2  microfarads  provided  almost  a  perfect 
rectangular  pulse® 

The  circuit  components  in  the  diagrams  of  Figs.  3  and  4  were  used 
to  obtain  the  regular  l-oran-type  pulses®  The  leading  edge  of  this  pulse 
could  be  rounded  a  small  amount  by  adjustment  of  the  oscillator  feedback 
control  WDM<>  More  rounding  could  be  obtained  by  inserting  a  choke  coil 
in  the  cathode  circuit  of  the  oscillator  as  shown  in  Fig®  fcA<>  The  lead¬ 
ing  edge  of  the  pulse  could  be  made  less  round  and  the  rise  time  reduced 
to  approximately  2.5  microseconds  by  changing  the  6J‘5  tubes,  72  end  73 
(Fig.  4),  to  6L6  tubes o  triode-conneeted. 

The  lagging  edge  of  the  pulse  could  be  rounded,  by  inserting  a  choke 
coil  and  capacitor  network  in  the  input  of  the  modulator  circuit®  This 
arrangement  is  shown  in  Fig.  bS0  The  length  of  the  tail  on  the  lagging 
edge  of  the  pulse  could  be  changed  by  means  of  the  load  coupling  control 
WFM ,  or  by  changing  the  value  of  the  load  resistor  (,Rqpj!  in  Fig.  4® 


Table  1  _ 

Farts  'kigt_of .Exalt er  Unit  of  Radio-Frequency  Pulse  .Generator 

Resistors 


Symbol  Fq®  _____ _ _ _  Description  _____ 

Ohms  Watt 


HI 

100 

1 

12 

50000 

1 

I 

50000 

1 

50000 

1 

E5 

200 

1 
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Table  I  (continued) 
Resistors  (continued) 


Symbol  Ho,  Description 


Ohns 

Watt 

r6 

20000 

1 

R7 

100000 

1 

RS 

100000 

1 

R9 

100000 

1 

RIO 

100000 

1 

Rll 

500 

1 

RIP 

J.U00000 

1 

R13 

25000 

1 

Rl4 

50 

1 

R15 

100000 

1 

Rl6 

250000 

1 

R17 

50 

T 

X 

RX3 

10000 

1 

R19 

50000 

1 

R20 

1000000 

1 

R21 

1000000 

1 

R22 

2000  -  potentiometer 

R23 

200 

1 

R24 

250000 

1 

R25 

250000 

1 

R26 

100000 

1 

R27 

100000 

1 

R2g 

150000 

1 

R29 

100000  adjustable 

25 

R30 

150000 

1 

R31 

150000 

1 

R32 

50000 

1 

R33 

50000 

1 

R34 

500000 

1 

m 

50000 

1 

Capacitors 

Volt 

Cl 

IQu  pipf 

Too 

C2 

o»oi  uf 

600 

03 

25  uf 

25 

C4 

OdOI  uf 

600 

05 

0,01  uf 

600 

cS 

0,01  jaf 

600 

C? 

0o022  uf 

600 

eg 

50  uuf 

600 

09 

0,005  uf 

1000 

CIO 

0,01  uf 

600 

Cll 

1  uf 

1000 

C12 

2  Uf 

1000 

C13 

2  uf 

1000 

Cl4 

2  uf 

600 

C15 

0,5  Uf 

600 

Ci6 

0,5  uf 

600 

6 


Table  1  (continued) 
Tubes 


Description 


VI 

Type  6SN7 

V2 

Type  6X5 

V3 

Tyne  2050 

v4 

Type  S07 

V5 

Type  5*3 

v6 

Type  5y3 

Ceils 

Ll 

40  mil  total, 

taps  at  every  S  mh 

Transformers 

T1 

Primary  110  v,  secondary  5-v  winding 

6„3-v  winding,  600-v  winding  center 

tapped 0 

T2 

Primary  110  v,  secondary  5  v 

T3 

Primary  110  v,  secondary  6,3  v0 

Miscellaneous 

SI 

DsPbS.T.  switch 

n 

1-amp,  fuse 

KL 

Input  testing  phone  jack 

K2 

Output  testing  phone  jack 

Table  II 

Typical  Operation  Voltages  for  Exciter  Unit 

All  measurements  made  with  a  vacuum-tube  voltmeter  and  are  posi 
tive  with  respect  to  ground  unless  otherwise  indicated,, 


Tube  Symbol  Tube  Type  Pin  Do,  Direct- Current  Voltage 

6ShT7  1  0 

2  137 

3  3*4 

4  o 

5  190 

6  3°4 


vi 
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Table  II  (continued) 


Tube  Symbol 

Tulie  Type 

Pin  No. 

Direct-Current  Voltage 

V2 

6X5 

3 ,  4  and  S 

(varies  from  - 

*"220 

*200  to  -240 

with  setting 
control  R33) 

of  "bias 

Y3 

2050 

3 

470 

5 

(varies  from  - 

”220 

-200  to  -240 

with  setting 
control  R33) 

of  bias 

6  and  8 

”167 

V4 

SO  7 

T„C. 

6so 

2 

565 

3 

-580 

4 

-172 

5Y3 

2  and  S 

”175 

4  and  6 

”625 

V6 

5Y3 

2  and  S 

710 

4  and  6 

-175 

Table  III 


Parts  List  of  Oscillator  and 

Modulator  Unit 

of  Radio- 

Frequency  Pulse 

Generator. 

Symbol 

Description 

Resistors 

Ohms 

Watt 

HI 

150000 

1 

R2 

50 

1 

R3 

20^00 

1 

R4 

50 

1 

R5 

150000 

1 

R6 

500 

1 

R7 

2000 

1 

R8 

300 

1 

RQ 

100 

1 

RIO 

50 

1 

Rll 

50 

,  1 

R12 

50 

1 

R13 

50 

1 

Ri4 

2000 

1 

B15 

50 

1 

Condensers 

Cl 

0*01  uf 

Volts 

Soo 

02 

1,0  uf 

600 

C3 

1,0  jif 

600 

c4 

1,0  y. f 

1000 

g 


Symbol 


C5 

c6 

cy 


cs 


C9 

CIO 

Cll 

012 

01} 

Ci4 


T1 

T2 


LI 

L2 

L3 

L4 

L5 

L6 

L7 

IS 


VI 

V2 

V3 


Table  III  (continued) 


Description 


Volts 


Condensers  (continued) 

0,005  )^  wu 

2-gang  variable  ,100  pp.f  per  section 
split  stator,  100  mif  per  section 
0,15  uf  600 


0,0004  w£ 

1000 

0,1500  Jl]Llf 

1000 

0e0004  }X}lf 

1000 

200  p.yxf  variable 

0,0008  pf 

1000 

Transformers 

Primary  110  v,  secondary  6,3  v 
Primary  110  v,  secondary  6,3  v 

Coils 

100  ph 

40  juh 
6sS  ph 
10  ph 
4  mh 

40  nh 

1,2  >ah 

1»2  ph 

Tudes  ,, 

go  7 
6J5 
6J5 


Table  IV 

Typical  Operating  Voltages  for  Oscillator  and  Modulator  Unit 

All  measurements  made  with  a  vacuum-tube  voltmeter  and  are  positive 
with  respect  to  ground  unless  otherwise  indicated. 

Tube  Symbol  Tube  Type  Pin  Ho, _ Direct-Current  Voltage 

VI  S07  TC  45 

2  45 

3  ”170 

4  o 
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Table  IV  (continued) 


Tube  Symbol 

Tube  Type 

Pin  No# 

Direct-Current  Voltage 

V2  and  V3 

6J7 

3 

5 

S 

600 

5*5 

(varies  from  0  to  112  with 
setting  of  bias  control  Rl6) 
6° 

(varies  from  4/  to  l42  with 
setting  of  bias  control  Rio) 

Table  V 

Adjustable 

Controls 

on  the  Radio- 

-Frequency  Pulse  Generator 

Symbol  on  Symbol  on 

Photograph  Schematic  Function 

in  Fjg#l  Diagram 


A 

R22  in  Fig#  3 

Exciter  output  amplitude. 

B 

R3  in  Fig#  3 

Exciter  input  amplitude. 

C 

R33  in  Fig#  £ 

2050  tube  grid-bias  voltage. 

B 

RlS  in  Fig,  4 

Grid-bias  voltage  on  6J5  tubes 

22 

C6  in  Fig#  4 

Oscillator  feedback  voltage# 

jr 

13  and  L4  in  Fig #4 

Oscillator  loading „ 

a 

09  in  Fig#  4 

Oscillator  plate  tuning. 

H 

CJ  in  Fig#  4 

Oscillator  grid  'tuning 

,  Variable 

National 

band-width  receiver. 

EC  100  receiver  was  modified 

to  permit  varying  the  radio- 

frequency  hand  width  from  approximately  10  to  SO  kilocycles,  at  the  half¬ 
power  point o  The  major  change  was  the  replacement  of  the  regular  inter- 
mediate -frponencv  transformers  with  variable  co^^pllng  intermediate- 
frequency  transformers  and  the  provision  for  damping  resistors  across  all 
tuned  circuits#  In  order  to  maintain  a  reasonable  receiver  gain  at  the 
wide  hand  widths  it  was  found  desirable  to  add  an.  extra,  intermediate- 
frequency  stage  to  the  original  receiver,  A  circuit  diagram  of  the  modi¬ 
fied  receiver  is  shown  in  Fig#  J0  The  receiver  output,  from  the  second 
detector,  ’was  fed  to  the  grid  of  the  video  state  of  a  Fada  Model  LRN-1 
receiver  and  through  the  regular  circuits  to  the  oscilloscope  of  an 
LR2I-1A  indicator# 

Different  receiver  band  widths  were  obtained  by  varying  the  coup¬ 
ling  of  the  intermediate-frequency  transformer  windings  and  the  damping 
across  the  toned  circuits#  As  the  coupling  was  increased,  ladder  band 
widths  were  obtained#  Tendencies  toward  double -humped  response  curves 
were  minimized  by  reducing  the  resistance  of  the  damping  resistors  as 
the  coupling  was  increased# 
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III,  Method  of  Investigation. 

a.  Transmitter  pulse  shape. 

1,  Fourier  analysis  of  frequency  components.-  The  frequency  components 
of  a  few  simple  d-c  pulses,  comparable  in  length  and  recurrence  rate  to 
the  pulses  transmitted  by  the  regular  Loran  installations,  were  calculated 
by  means  of  Fourier  expansions*  These  frequencies  were  assumed  to  rep¬ 
resent  the  deviations,  from  the  carrier  frequency,  of  the  side-band  fre¬ 
quencies  of  a  radio-frequency  pulse  having  an  envelope  identical  in  shape 
to  each  of  the  calculated  d-c  pulses.  The  relative  amplitudes  of  the 
side-band  currents  were  plotted  for  frequencies  above  and  below  the 

carrier  frequency,  illustrating  the  effect  of  pulse  shape  upon  side¬ 

band  radiation. 

The  pulse-frequency  components  were  calculated  from  the  following 
relationships? 

f(x)  *  1/2  A0 

+  cos  x  4  Ap  cos  2x  4  Aj  cos  J>x  4  .....  cos  nx 

4  B-j_  sin  x  *  33 2  sin  2x  4  B^  sin  J>x  +  .....  Bn  sin  nx 

where ? 


-i-  f 

7T  -7f 

f(x)  cos  nx 

dx 

for? 

n  -  0, 

1  5  o  o  o  »  »  5 

Bn  - 

1  fn 

ir  - V 

f(x)  sin  nx 

dx 

for? 

n  =  1 , 

O 

and? 

f(x)  =  K0  +  %  sin  (x  +  ©]_)  +  K2  sin  (2x4  ©2)  4  sin  (nx  4  ©Q) 

where? 


Ko  =  1/2  A0 


2.  Measurement  of  frequency  components.-  Pulses  of  different  shapes 
were  produced  by  the  radio-frequency  pulse  generator,  and  the  frequency 
components  were  measured  by  means  of  a  national  HRO  receiver.  The  values 
so  obtained  were  compared  with  frequency  components  calculated  in  the 
manner  previously  described. 

The  amplitudes  of  the  side  bands  of  a  pulse  approaching  as  nearly 
as  possible  the  shape  of  the  regular  Loran  transmitter  pulses  were  mea¬ 
sured  with  the  HRO  receiver  and  compared  with  similar  measurements  made 
on  the  some  pulse  after  passing  through  a  radio-frequency  filter. 
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b„  Receiver  bond-width  characteristics. 

Various  receiver  land  width  were  obtained  and  tracings ,  from  the  in¬ 
dicator  oscilloscopes,  were  made  of  the  pulse  patterns  obtained  by  using 
(a)  a  rounded  pulse  produced  by  adjustment  of  the  oscillator  circuit  con¬ 
stants,  (b)  a  pulse  simulating  the  regular  Loran  pulse0  and  (c)  the  regu¬ 
lar  Lor an  pulse  of  (b)  after  passing  through  a  radio-frequency  filter. 

The  tracings  were  scaled  for  (a)  rise  time,,  representing  the  length  from 
the  beginning  of  the  pulse  to  the  point  of  maximum  amplitude,  (b)  the 
length  of  the  pulse  at  one-half  amplitude,  and  (c)  the  base  length  of 
the  pulse.  These  values  were  plotted  against  receiver  band  width. 

The  amplitudes  of  the  receiver  input  and  output  pulses  were  held 
constant  and  the  receiver  gain  (C,W„  sensitivity)  measured  at  different 
band  widths.  These  values  were  plotted  against  receiver  band  width* 

A  study  of  signal-noise  ratio  and  its  effect  upon  the  accuracy  of 
Loran  measurements  was  made  by  using  a  brush-type  electric  motor  as  a 
noise  generator*  Signal-noise  ratio  was  measured  at  the  oscilloscope 
indicator  at  two  different  noise  levels?  (1)  the  noise  peaks  that 
reached  the  highest  amplitude,  which  will  be  referred  to  as  the  maxi¬ 
mum  noise  peaks,  and  (2)  the  level  of  the  amplitude  of  the  average 
noise  peaks.  Signal-noise  ratios  v/ere  measured  on  the  maximum  noise 
peaks,  at  the  input  of  the  oscillograph  indicator,  by  placing  the 
signal  and  noise  separately  on  the  receiver  and  using  their  respective 
amplitudes  to  trip  a  type  2050  gas  tube.  The  ratios  of  the  tv/o  dif¬ 
ferent  control  grid-bias  voltages  that  were  on  the  grid  at  the  point 
of  tripping  were  taken  as  the  signal -noise  ratios 0  The  relative 
amplitudes  of  the  signal  and  noise  were  scaled  directly  from  the 
indicator  oscilloscope  for  the  signal-noise  ratio  on  the  average 
noise  peaks. 

The  noise  sensitivity  curve  in  Fig,  43  was  obtained  by  holding 
the  receiver  C,W,  sensitivity  constant  for  various  band  widths  and 
measuring  the  relative  noise  on  the  maximum  noise  peaks. 

The  curves  of  Fig*  45, showing  the  effect  of  signal-noise  ratio 
on  "signal  merit" ,  were  obtained  by  picking  up  the  constant  noise  from 
the  noise  generator  on  the  receiver  by  means  of  a  short  antenna,  con¬ 
nected  to  the  receiver  and  placed  close  to  the  noise  generator.  The 
pulse  from  the  pulse  generator  was  picked  up  on  the  same  receiving 
antenna.  The  amplitude  of  the  pulse  at  the  receiver  input  was  varied 
by  changing  the  length  of  a  radiating  antenna  which  was  connected  to 
the  pulse  generator.  For  each  value  of  signal-noise  ratio  tho  signal 
merit  was  estimated  visually. 

The  values  representing  receiver  band  widths  were  obtained  in  the 
following  manners 

(a)  The  receiver  was  tuned  to  an  approximate  frequency  of  1,950 

kilocycles,  A  radio-frequency  voltage ,  with  400-cycle  modula¬ 
tion,  from  a  Model  LP-3  General  Radio  signal,  generator,  was  fed 
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to  the  input  terminals  of  the  receiver*  The  receiver  gain  was  ad¬ 
justed  to  provide  a  suitable  deflection  on  the  indicator  oscillo¬ 
scope  for  the  modulation  pattern.  The  frequency  of  the  signal 
generator  was  varied  and  the  receiver  input  voltage,  necessary  to 
maintain  a  constant  output  deflection  at  the  oscilloscope ,  was  de¬ 
termined  over  a  suitable  frequency  range.  These  values  were  plotted 
to  obtain  the  radio-frequency  response  curve.  The  radio-frequency 
band  width  was  obtained  by  scaling  the  width  of  the  radio-frequency 
response  curve  at  the  half-power  point. 

(b)  The  video  response  curve  was  determined  by  connecting  a  signal  gen¬ 
erator  to  the  second  detector  circuit  of  the  receiver,  as  indicated 
in  Fig.  g,  and  measuring  the  voltage  necessary  to  maintain  a  con¬ 
stant  deflection  at  the  indicator  oscilloscope  as  the  signal-gen¬ 
erator  frequency  was  varied  between  400  and  100,000  cycles.  The 
diode  filament  voltage  was  disconnected  during  this  operation. 


25000  ohms 


I 


Fig,  g. 


(c)  The  overall  band  width  was  obtained  graphically  by  correcting  the 
radio-frequency  response  curve  by  the  amounts  indicated  on  the 
video  response  curve. 

A  sample  of  each  of  the  three  type  response  curves,  with  band-width  de¬ 
terminations,  is  illustrated  in  Fig.  9. 

If.  Discussion  of  Data. 

a.  Transmitter  pulse  shapes. 

Calculate d  frequency  components.-  Frequency  components  were  cal¬ 
culated  for  the  following  simple  pulses,  having  steep  leading  edges. 

(a)  square -wave  pulse 

(b)  cosine  pulse 

(oj  exponential  pulse  of  the  spark- transmit  ter  type 

(d)  exponential  filter-type  pulse. 
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(a)  Calculation  for  a  square-wave  pulses 
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The  amplitude  of  the  frequency  components  of  a  square -wave  pulse  is  thus 
proportional  tos  l/n  sin  anB  The  envelope  of  the  side-hand  current  ampli¬ 
tudes  s  for  a  square-wave  radio-frequency  pulse ,  may  he  expressed  in  terms 
of  frequency  separation  from  the  carrier  frequency  as  follows i 


where  8 


for  $  f  ^  r 


1  “  the  amplitude  of  the  side-hand  envelope-, 
f  "  separation  from  the  carrier  frequency,  in  cycles  per 
second,, 

a  -  one-half  the  pulse  length,  in  microseconds, 
r  s  recurrence  rate,  in  cycles  per  second. 


The  ratio  (R^)  of  amplitude  of  side-hand  envelope,  at  a  frequency  separa¬ 
tion  from  the  carrier  frequency  of  f  cycles,  to  the  amplitude  of  the  en- 


velope  at  a  frequency  separation  equal  to  the  recurrence  rate  of  the 
pulse,  is  given  below. 
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fors  f  ^  r 


If  the  angle  in  the  denominator  is  small,  as  is  the  case  with  a  40-micro¬ 
second  pulse  with  a  recurrence  rate  of  25  cycles  per  second,  this 
expression  becomes? 
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2  Tffa 

~106 


for?  f  ^  r 


The  amplitude  of  the  side  bands,  therefore,  varies  approximately  inversely 
with  the  product  of  the  frequency  separation  from  the  carrier  frequency 
and  the  pulse  length.  However,  it  will  be  noted  that  nulls  are  obtained 
at  all  points  at  which  2af  =  10°,  or  a  multiple  of  10°o  This  condition 
occurs  at  intervals  of  25  kilocycles  in  the  case  of  a  40 -micro second 
pulse. 


The  amplitude  of  the  side-band  envelope,  for  a  40-microsecond  square- 
wave  radio-frequency  pulse,  as  a  function  of  frequency  separation  from  the 
carrier  frequency,  is  shown  in  Fig,  10 „  Points  measured  v/ith  a  National 
HRO  receiver  from  an  approximate  40-microsecond  square-wave  pulse,  pro¬ 
duced  by  the  radio-frequency  pulse  generator  previously  described,  are 
shown  in  this  Fig„  for  comparison  with  the  calculated  valiieo,  The  mea¬ 
sured  values  are  recognized  as  running  sums  of  the  pulse  frequency  com¬ 
ponents  falling  under  the  response  curve  (see  Fig,  ll)  of  the  HRO  re¬ 
ceiver,  However,  it  is  believed  that  the  correlation  obtained  between 
the  calculated  and  experimental  points  is  sufficient  to  justify  the  use 
of  either  method  for  determination  of  the  frequency  components  present 
in  pulse  transmissions,  for  practical  purposes, 

(b)  Calculation  for  a  cosine  pulses 
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Bn  =  0 

The  envelope  of  the  side-land  amplitudes  for  a  cosine-wave  radio-frequency 
pulse  may  "be  expressed  in  terms  of  the  frequency  separation  from  the  car¬ 
rier  frequency  as  follows! 
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where! 


I  =  the  amplitude  of  the  side-band  envelopes 

f  -  separation  from  the  carrier  frequency,  in  cycles  per  second, 
a  -  one-half  the  pulse  base  length,  in  microseconds, 
r  -  recurrence  rate,  in  cycles  per  second. 

106 
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The  ratio  ( R-p)  of  the  amplitude  of  the  side-band  envelope,  at  a  frequency 
separation  from  the  carrier  frequency  of  f  cycles,  to  the  amplitude  of 
the  envelope  at  a  frequency  separation  equal  to  the  recurrence  rate  of 
the  pulse,  is  given  below. 
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as  in  the  case  of  a  40-micro second  pulse  with  a 
recurrence  rate  of  25  cycles  per  second,  the  above  expression  becomes! 
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The  envelope  of  the  side-hand  amplitudes,  for  a  cosine-wave  radio¬ 
frequency  pulse,  vp’th  -  Ho-microsecr ud  base  length,  is  shown  in  Fig,  12, 
It  will  he  observed  that,  after  the  first  J>0  kilocycles,  the  amplitudes 
of  the  frequency  components  fall  off  faster  than  those  of  a  square  wave. 
However,  this  is  accompli  hed  at  the  expense  of  the  leading  edge,  which 
requires  approximately  l4  microseconds  to  reach  90  percent  of  full  ampli¬ 


tude 


(c)  Calculation  for  an  exponential  pulse  of  the  spark- transmit  ter 
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Where!  a  is  >  100 
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The  envelope  of  the  side-hand  amplitudes  for  this  type  radio-frequency 
pulse  may  he  expressed  in  terms  of  the  frequency  separation  from  the 
carrier  frequency  as  follows! 
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rk 

V  f2  f  (ra)2 


Where i 


for!  f  >  r 


I  =  the  amplitude  of  the  side-hand  envelope. 

f  =  the  separation  from  the  carrier  frequency,  in  cycles  per  second, 
a  =  exponent  determining  the  rate  at  which  the  amplitude  of  the 
pulse  drops  with  time, 
r  «  recurrence  rate,  in  cycles  per  second. 


The  ratio  (Rf)  of  the  amplitude  of  the  side-hand  envelope,  at  a  frequency 
separation  from  the  carrier  frequency  of  f  cycles,  to  the  amplitude  of 
the  envelope  at  a  frequency  separation  equal  to  the  recurrence  rate  of 
the  pulse,  is  given  below. 


s  for!  f  >  r 

V**2  4  C  Fa) 2 

Where!  a  is  >  100 


The  shape  of  the  envelope  of  the  side-hand  amplitudes,  with  respect  to 
frequency  separation  from  the  carrier  frequency,  for  this  type  pulse 
(a  -  250)  is  shown  in  Pig.  13.  Under  this  condition,  the  amplitude 
of  the  pulse  drops  to  approximately  22.5  percent  of  full  amplitude  in 
40  microseconds.  It  will  he  observed  that  this  pulse  provides  approxi¬ 
mately  the  same  frequency  spectrum  as  does  the  square-wave  pulse  of 
Fig.  10,  except  for  the  absence  of  the  peaks  and  nulls  present  in 
the  square-wave  pattern. 
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(d)  Calculation  for  an  exponential  filter-type  pulse? 
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The  envelope  of  the  side-band,  amplitudes  for  this  type  radio-frequency 
pulse  may  be  expressed  in  terms  of  the  frequency  separation  from  the 
carrier  frequency  as  follows? 
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Where  i 


I  -  the  amplitude  of  the  side-band  envelope. 

f  =  the  separation  from  the  carrier  frequency ,  in  cycles  per  second. 
GC-  exponent  determining  the  rate  at  which  the  amplitude  of  the 
pulse  rises  and  falls  with  time, 
r  =  recurrence  rate,  in  cycles  per  second, 
a  -  the  rise  time  of  the  pulse,  in  microseconds. 


The  ratio  (%)  of  the  amplitude  of  the  side-band  envelope,  at  a  frequency 
separation  from  the  carrier  frequency  of  f  cycles,  to  the  amplitude  of 
the  envelope  at  a,  frequency  separation  equal  to  the  recurrence  rate  of  the 
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pulse,  is  given  below? 
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The  envelop®  of  the  side-hand  amplitudes  for  an  exponential  pulse,  of 
the  filter  type,  with  '40-microseconds  rise  time  (  Of  -  1000)  and  a  re¬ 
currence  rate  of  25  cycles  per  second,  is  shown  in  Fig,  l4a  The  lead¬ 
ing  edge  of  this  pulse  is  sufficiently  steep  to  reach  approximately 
90  percent  of  full  amplitude  in  15  microseconds,, 

For  frequencies  sufficiently  removed  from  the  carrier  frequency, 
say  100  kilocycles  or  more  in  the  illustration  of  Fig,  l4,  so  that 
f (ra  )2S  the  amplitude  of  the  side-hand  envelope  varies  approxi¬ 
mately  inversely  with  the  square  of  the  frequency  separation,  as  com¬ 
pared  with  the  first  power  of  the  frequency  separation  indicated  for 
a  square-wave  pulse.  Under  this  condition  (f^  »  (rOf  )c:)  the  amplitude 
of  the  side-hand  envelope,  varies  approximately  inversely  with  the 
pulse  length  and  directly  with  the  product  of  the  recurrence  rate  (r) 

?md  the  exponential  time  constant  (  €X  )  a 

The  nulls  of  the  exponential  filter- type  pulse  are  found  at  all 
points  at  which  fa  -  10 b „  or  any  multiple  of  10° 0  In  the  case  of  the 
pulse  illustrated  in  Flg0  l4,  this  condition  is  obtained  at  25-kilo¬ 
cycle  intervals,  beginning  at  25  kilocycles  from  the  carrier  frequency,, 
The  nulls  are  obtained  in  the  cosine-wave  pulse  at  all  points  at  which 
fa  -  (l/U)l0^0  or  odd  multiples  of  (l/4)l0  ,  These  nulls  are  found  at 
intervals  of  25  kilocycles,  beginning  at  12,5  kilocycles  from  the  car¬ 
rier  frequency  in  the  illustration  of  Fig,  12»  Thus  the  nulls  of  one 
of  these  pxilses  appear  at  the  same  frequency  as  the  peaks  of  the  other 
type  pulse  for  a  frequency  separation  more  than  12,5  kilocycles  from  the 
carrier  frequency.  It  would  therefore  appear  that  the  best  pulse  shape, 
from  a  standpoint  of  frequency  components,  consistent  with  a  steep  lead¬ 
ing  edge  and  reasonably  narrow  pulse  length,  would  be  a  combination 
of  a  cosine  wave  and  a  filter-type  exponential  pulse, 

20  Measured  frequency  components,-  The  frequency  components  of  a 
smooth  shaped  radio-frequency  pulse,  produced  by  adjustment  of  the  pulse 
generator  circuit  constants,  without  the  use  of  special  radio-frequency 
filters,  measured  with  a  National  HR.0  -  receiver ,  are  shown  in  Fig„  15, 

The  measured  frequency  components  of  a  radio-frequency  pulse ,  approach¬ 
ing  as  nearly  as  possible  the  shape  of  the  pulses  emitted  by  the  regular 
Loran  transmitting  stations,  are  shown  in  Fig,  16,  The  frequency  com- 
ponents  of  the  regular  Loran  pulse,  after  passing  through  a  radio- 
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frequency  filter,  are  shown  in  Fig,  17.  The  shape  of  the  radio-frequency 
envelope  of  each  of  these  pulses  is  shown  in  Fig0  IS, 

The  measured  frequency  components  of  the  filtered  pulse  are  easily 
the  most  favorable,  from  a  standpoint  of  reduction  in  side-band  radiation 
from  the  regular  Loren  transmitting  stations ,  of  any  of  the  measured  or 
calculated  pulses.  The  amplitudes  of  the  side-band  currents,  at  100 
kilocycles  from  the  carrier  freouency,  are  approximately  0,01  of  the 
regular  Lor  an,  pulse  (Uo  db  down#) 

The  frequency  components  of  a  number  of  various  shaped  radio-fre¬ 
quency  pulses,  without  the  use  of  special  filters,  were  measured.  These 
values  fell  between  those  obtained  for  the  smooth-shaped  pulse  of  Fig, 

15,  and  the  square-wave  points  illustrated  in  Fig9  10,  It  therefore 
appears  that  the  most  practicable  method  of  shaping  a  radio-frequency 
pulse,  for  use  in  the  Loran  system,  is  by  means  of  a  radio-frequency 
filter.  The  effect  upon  the  leading  edge  of  a  pulse,  so  shaped,  as  it 
appears  on  the  indicator  oscilloscope  after  passing  through  the  re¬ 
ceiver,  will  be  discussed  and  illustrated  under  "Receiver  band-width 
characteristics",  below, 

b.  Receiver  bond-width  characteristics. 


1,  Receiver  response  curves,-  A  number  of  typical  radio-frequency 
receiver  response  curves,  obtained  for  receiver  adjustments  used  in  com¬ 
paring  pulse  shapes,  are  shown  in  Fig0  19,  The  band  widths,  before  cor¬ 
recting  for  the  effect  of  the  video  amplifier,  are  indicated  on  the 
response  curves.  Response  curves  for  the  two  video  amplifiers  used  in 
conjunction  with  the  variable  band-width  receiver  are  contained  in  Fig, 
20,  The  relation  between  the  radio-frequency  band  widths  and  the  over¬ 
all  band  widths,  for  each  video  amplifiers  is  illustrated  in  Fig,  21, 

The  three  types  of  pulses  examined,  with  various  receiver  bend  widths 

were  5 

CD  a  pulse  simulating,  as  nearly  as  possible,  the  pulse  emitted 
by  the  present  Loran  transmitting  equipments  which  will  be 
referred  to  as  the  Loran- type  pulse; 

(2)  the  Loran  type  pulse,  after  passing  through  the  radio¬ 

frequency  filter  used  to  restrict  the  side-band  components 
of  the  pulse  as  illustrated  in  Fig,  17; 

(3)  the  approximate  exponential  filter- tyoe  pulse  illustrated  in 
■  Fig,  15, 

2.  False  shapes,-  Tracings  of  representative  pulse  shapes  for  the 
Loran-type  pulse  are  shown  in  Fig,  22,  without  filter,  and  in  Fig,  23, 
with  the  filter  inserted  between  the  pulse  generator  and  the  receiver. 

The  pulse  shapes  at  receiver  band  widths  of  S6,0,  75*5 t  63,0  and 
50,0  kc  were  obtained  with  the  wide-band  video  amplifier  (see  Fig,  20 ) » 
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Those  at  band  width®  of  37,0,  29»5,  and  22,0  kc  were  obtained  from  the 
Fa da  video  amplifier,  The  overall  band  width  of  86,0  kc  corresponds 
to  the  radio- frequency  band  width  of  88, 5  kc  illustrated  in  Fig,  21* 

It  will  be  observed  that  very  little  difference  appears  in  the  shape 
of  the  filtered  pulse  and  the  direct  pulse  as  viewed  on  the  indicator 
oscilloscopes,  at  band  widths  less  than  50,0  kCo  Fig, 2k  contains 
representative  tracings  of  the  exponential  filter-type  pulse,  at 
various  receiver  band  widths.  All  pulse  patterns  were  obtained  with 
Fada  video  amplifier. 

All  indicator  oscilloscope  pulse  patterns  were  scaled  for  (a) 
rise  time,  representing  the  time  required  for  the  pulse  to  rise  from 
gero  to  maximum  amplitude,  (b)  pulse  length  at  one- he  If  amplitude, 
and  (c)  the  base  length  of  the  pulse.  These  values  are  shown,  as 
functions  of  receiver  band  width  for  each  of  the  three  type  pulses 
In  Figs,  2b  to  33° 

In  general,  the  pulse  rise  time  increases  with  reduced  receiver 
band  width.  Therefore  a  reduction  in  receiver  band  width  will  be  ex¬ 
pected  to  be  accompanied  by  a  reduction  in  the  steepness  of  the  lead¬ 
ing  edge  of  the  received  pulse.  For  example,  an  increase  in  rise  time 
from  25  microseconds  to  50  microseconds  may  reasonably  be  expected  with 
a  receiver  band-width  change  from  85° 0  kc  to  19  kc.  The  practical  ef¬ 
fect  of  inserting  a  radio-frequency  filter  between  the  pulse  generator 
and  the  receiver  is  to  increase  the  rise  time  of  the  pulse  as  it  appears 
on  the  indicator  oscilloscope.  Reasonable  estimates  of  this  effect  irsay 
be  obtained  from  Fig®,  25  and  28, 

Figs,  26  and  29  indicate  that  the  pulse  length  at  one-half  amplitude 
does  not  vary  greatly  at  receiver  band  widths  of  85,9  to  25,0  kc  and 
should  remain  well  below  50  microseconds  over  this  range.  The  one-half 
amplitude  length  increases  rapidly  with  decrees* -g  receiver  band  widths 
below  15  kc„ 

The  base  length  of  the  pulse,  as  viewed  on  the  indicator  oscillo¬ 
scope,  does  not  vary  greatly  at  receiver  band  width®  of  85,0  ot  25  kc. 

The  base  length  increases  rapidly  at  receiver  band  widths  less  than  15 
kc.  An  increase  in  base  length  of  from  10  to  20  microseconds  was  noted 
in  pTilse  patterns  obtained  with  the  FPd.a  video  amplifier  as  compared 
with  the  wide-band  video  amplifier  of  the  Dumont  oscilloscope, 

3°  Effect  of  Method  of  Obtaining  Rand  Width  -  Because  of  the 
scatter  of  the  values,  scaled  from  the  pulse  patterns  in  Fig®,  25  to 
33?  it  seems  that  the  pulse  patterns  obtained  were  dependent  upon  the 
manner  in  v,h  oh  the  overall  hand  width  was  obtained,  as  well  as  upon 
the  absolute  value  of  the  band  width.  An  investigation  was  therefor® 
mads  in  which  shapes  were  traced  and  scaled  for  various  receiver  band 
widths,  ^  Sach  band  width  was  obtained  by  two  different  methods;  (a)  by 
damping  the  tuned  circuits  in  the  intermediate- frequency  amplifier, 
and  (b)  by  omitting  the  damping  resistors,  A  comparison  of  the  pulse 
shapes  in  the  two  cases  is  show  in  Fig,  3k  for  the  Loran-type  pulse, 
and  in  Fig„  35  For  the  filtered  Loran- type  pulse.  It  will  be 
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noted  that  the  pulse  shapes  obtained  under  the  two  conditions  for  the  same 
hand' width  are  substantially  of.  the  same  shape,  except  for  the  ones  made 
on  the  34-kc  hand  width.  For  this  hand  width  a  double -hump e d  receiver 
response  characteristic  (obtained  by  overcoupling)  was  used  for  the  pulse 
obtained  without  the  damping  resistors,  whereas  overcoupling  was  kept  to 
a  minimum  on  the  33”kc  damped  band  width.  Comparisons  of  the  pulse  rise 
time,  pulse  length  at  one-half  amplitude,  and  pulse  base  length,  for 
both  the  Loran-type  pulse  and  the  filtered  Loran  type  pulse,  under  these 
two  conditions,  are  shown  in  F'igs.  36  to  4l.  These  Figs,  indicate  that, 
aside  from  the  effects  of  overcoupling,  which  appeared  to  affect  the  base 
length  of  the  pulse,  the  same  results  could  be  obtained  by  damping  the 
tuned  circuits  in  the  intermediate-frequency  amplifier  as  by  obtaining 
the  same  radio-frequency  band  width  without  damping  them. 

4.  Pulse  sensitivity  of  receiver.-  The  relative  receiver  sensitivity 
to  the  Loran  pulses  for  various  band  widths,  using  the  narrow  video  ampli¬ 
fier,  is  shown  in  Fig.  42.  The  relative  receiver  pulse  sensitivity,  using 
the  wide-band  video  amplifier,  can  be  seen  in  Fig.  43.  It  will  be  noted 
that  the  sensitivity  of  the  receiver  to  pulses  changed  appreciably  more 
with  band  width  when  the  narrow-band  video  amplifier  was  used  than  when 
the  wide-band  video  amplifier  was  used.  For  example,  a  change  in  overall 
band  width  from  50  kc  30  kc ,  using  the  narrow-band  video  amplifier, 
lowered  the  receiver  sensitivity  by  a  factor  of  about  1,30  (2.2  db) ;  the 
same  change  in  band  width,  using  the  wi de-band  video  amplifier,  lowered 
the  receiver  sensitivity  by  a  factor  of  only  about  l.l4  (l,4  db) » 

5°  Effect  of  band  width  on  signal -noise  ratio  and  accuracy  of  Loran 
measurements.-  In  Fig.  W  signal -noise  ratio  is  shown  as  a  function  of 
overall  receiver  band  width  for  both  maximum  noise  peaks  and  average  noise 
peaks.  It  will  be  noticed  that  the  signal-noise  ratio  is,  for  an  overall 
band  width  of  30  kc,  about  one-half  (6  db  lower)  of  its  value  for  a  25-kc 
band  width. 

In  Fig.  45  is  show  the  estimated  "signal  merit"  as  a  function  of 
signal-noise  ratio.  From  this  Fig.  it  appears  that  about  an  g.5~db  change 
in  signal -noise  ratio  made  a  change  of  1  in  signal  merit  rating. 

The  pulses  were  found  to  be  much  easier  to  identify,  'under  conditions 
of  high  noise,  on  the  slow  sweep  G.f  the  indicator  when  narrow  band  widths 
were  used  than  when  wide  band  widths  were  used. 

¥.  Conclusions 

a.  Transmitter  pulse  shape. 

The  side-band  radiation  from  Loran  transmitters  can  be  considerably 
reduced  below  that  for  the  present  type  pulse,  without  impairing  the  use¬ 
fulness  of  the  pulse  for  measurement  purposes.  The  optimum  pulse  shape 
for  emission  by  Loran  transmitting  stations,  from  the  standpoint  of  mini¬ 
mum  side-band  radiation  consistent  with  necessary  steepness  of  the  lead¬ 
ing  edge  of  the  pulse,  approximates  an  exponential  filter-type  pulse  with 
sharp  edges  rounded.  The  most  practical  method  for  shaping  such  a  pulse 
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seems  to  be  "by  means  of  a  radio-frequency  filter  in  the  transmitter  cir¬ 
cuit  „  This  probably  requires  a  master-oscillator  power-amplifier  type 
transmitting  equipment  The  side-brad  radiation,  at  100  kilocycles  off- 
frequency,  can  be  reduced,  by  this  method  of  shaping  the  transmitted  pulse, 
to  at  least  0*001  (60  db  down)  of  the  fundamental,  without  appreciably 
affecting  the  accuracy  of  measurements  made  with  receiving  equipment  in 
the  fieldo 

b»  Receiver  band-width  characteristics. 

The  shape  and  amplitude  of  the  pulse  appearing  on  the  oscilloscope 
screen  of  a  Loran  indicator  is  a  function  of  the  manner  in  which  the  re¬ 
ceiver  band  width  is  obtained  as  well  as  of  the  absolute  value  of  the 
overall  band  width,,  Considerable  differences  can  be  obtained  in  the 
rise  time,  pulse  length  and  pulse  amplitude,  for  the  same  radio-frequency 
band  width  obtained  by  different  methods0 

A  narrow  band  width  in  the  video  amplifier  contributes  to  attenua¬ 
tion  of  the  high-frequency  components  of  a  pulse  transmitted  at  the  re¬ 
ceiver  radio  frequency  and  therefore  to  the  distortion  of  its  pattern 
on  the  indicator  oscilloscope  while  it  does  not  contribute  to  the  atten¬ 
uation  of  low-frequency  components  of  modulated  C.W»  or  pulse  trans¬ 
missions  on  adjacent  radio-frequency  channels,,  A  wide-band  video  ampli¬ 
fier  is  therefore  desirable* 

The  optimum  overall  receiver  band  width  recommended  for  use  in  the 
Loran  system  is  30  kilocycles,  with  a  tolerance  of  +  5  kilocycles*  The 
overall  band  width  should  be  determined,  to  as  large  an  extent  as  reason¬ 
able  design  will  permit,  by  the  radio-frequency  and  intermediate-fre¬ 
quency  stages  of  the  receiver*  The  design  of  the  radio-frequency  and 
intermediate-frequency  amplifier  stages  should  be  sufficiently  damped 
with  resistance  to  prevent  overcoupling* 

VI*  Subjects  Requiring  Additional  Investigation,, 

a°  transmitter  pulse  shape* 

Further  studies  should  be  made  of  the  possibility  of  reducing  side¬ 
band  radiation  from  Loran  transmitters  below  those  indicated  in  Fig*  17, 
by  use  of  suitable  radio-frequency  filters,  without  seriously  impairing 
the  usefulness  of  the  pulse  for  measurement  purposes* 

b„  Receiver  band-width  characteristics. 

Farther  studies  should  be  made  on  signal- to-noise,  as  a  function  of 
receiver  band  width  using  natural  noise*  This  may  be  done  by  making 
noise-sensitivity  and  pulse-sensitivity  measurements  in  the  manner  shown 
in  Fig*  43  and  subtracting  the  attenuation  of  the  pulse  from  the  attenua¬ 
tion  of  the  noise* 

In  view  of  the  differences  in  the  variation  of  receiver  pulse  sensi¬ 
tivity  with  different  band  widths  between  the  vide  video  amplifier  and 
the  narrow  video  amplifier,  it  appears  that  a  study  should  be  made  of  the 
effect  of  the  video  amplifier  on  signal-noise  ratio* 
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CIRCUIT  OF  NC  100  RECEIVER  AFTER  IT  WAS  MODIFIED  TO  OBTAIN  VARIABLE  BAND  WIDTH. 
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NATIONAL  BUREAU  OF  STANDARDS 
Washington,  D.C. 

Oseilloscop®  Tracings  of  Pulses 
Measured  for  Frequency  Components 
(Radio-Frequency  Envelop©) 
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INTER3ERVICE  RADIO  PROPAGATION  LABORATORY 
NATIONAL  BUREAU  OF  STANDARDS 
Washington,  D.C® 

Comparison  of  Puls®  Shapes  Obtained  with  Different 
Receiver  Band-Widths  fro®  th®  Regular  Loran  Pulse 
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Comparison  of  Ptili®  Shapes  Obtained  with  Different 
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Radip-Frequency  Filter  inserted  b®tw®@n  th®  $ulM 
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Comparison  of  Pnls®  Shapes  Obtained  with  Different 
Receiver  Band-Widths  from  an  Approximate  Exponential 
Filter-Type  Pulse 
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Comparison  of  Pulses  Obtained  at  the  Oscilloscope  of  the  Indicator  with  Different 
Adjustments  of  the  Receiver  Intermediate-Frequency  Amplifier  to  Obtain  the  Came 

Band  widths  Using  a  Loren- Type  Pulse. 
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INTERSERVICE  RADIO  PROPAGATION  LABORATORY 
NATIONAL  BOREAL1  OF  STANDARDS 
Washington,  L1  .0, 

Comparison  of  Pulses  Obtained  at  the  Oscilloscope  of  the  Indicator  with  different 
Adjustments  of  the  Receiver  Intermediate-Frequency  Amplifier  to  Obtain  the  Same 

Band  V’iidths  Using  a  Loren-Type  Pulse, 


Intermediate-frequency  amplifier  tuned  No  damping  in  intermediate® 
circuits  damped  with  resistors,  frequency  amplifier. 
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Comparison  of  Pulses  Obtained  at  the  OsoilloTOop®  of  the  Indicator  with  Different 
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Comparison  of  Fulses  Obtained  at  the  Oscilloscope  of  the  Indicator  with  Different 
Adjustments  of  the  Receiver  Intermediate-" Frequency  Amplifier  to  Obtain  the  Sam© 
Band  7;idths,  Using  a  Loran»Type  Pulse  with  Radio- Frequency  Filter  Inserted  between 

Pulse  Generator  and  Receiver. 


Fig.  36  (oontimed) 


BaTSSlSEF/ICE  RADIO  PROPAGATION  LABORATORY 
NATIONAL  BUREAU  OF  STANDARDS 

Washington*  D«C® 

omparison  of  the  Rise  Tim©  of  a  Lor&n-Typs  Pulse  at  th©  Indicator  Oscilloscope  with  Differ© 
Adjustments  of  th®  Receiver  Intermediate-Frequency  Amplifier  to  Obtain  the  Saws®  Band  Wid 


Fig®  3F 


Fig; "3? 


INTERSERVICE  RADIO  PROPAGATION  LABORATORY 
NATIONAL  BUREAU  OF  STANDARDS 
Washington,  D.C» 
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